細胞間接着を起点とするがん化機構に関する研究 by 五十里  彰 et al.






























Abstract: The mortality associated with lung cancer has been increasing; consequently, novel therapeutic targets need to be 
identified and novel therapeutic methods need to be developed. We recently reported that claudin-2, a component of the tight junction 
(TJ), was expressed in human lung adenocarcinoma, whereas it was absent from normal lung tissues. Knockdown of claudin-2 in 
lung adenocarcinoma cells decreased their proliferation. Therefore, we examined the mechanism underlying the regulation of cell 
proliferation by claudin-2. Moreover, we sought out compounds that can decrease claudin-2 expression. We found that claudin-2 was 
distributed both in the nucleus and in the TJ in proliferating cells and was bound with the ZO-1 associated nucleic acid binding 
(ZONAB) protein, which controls cell-cycle regulator expression. shRNA-mediated knockdown of claudin-2 decreased ZONAB 
expression and increased the proportion of cells in the G1 phase of the cell cycle. Moreover, we examined the nuclear trafficking of 
claudin-2 and found that this trafficking was regulated in part by the phosphorylation of claudin-2 at Ser208. The short peptide, 
DFYSP, whose sequence mimics the second extracellular loop of claudin-2, caused claudin-2 to be trafficked from the TJ to cytosol, 
increased lysosomal degradation of claudin-2, and induced necrotic cell death. Transport of claudin-2 to the cytosol was mediated via 
a clathrin-dependent endocytosis pathway. Quercetin, a flavonoid, decreased claudin-2 expression through the induction of miR-16 
and a decrease in the stability of claudin-2 mRNA, although it did not inhibit the transcriptional activity of the claudin-2 gene. The 
clarification of the involvement of claudin-2 in the molecular mechanism underlying carcinogenesis and the identification of 
claudin-2 inhibitors will lead to the development of novel agents for the treatment of lung adenocarcinoma. 
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Fig. 2. Relative expression of claudin-1, claudin-2 and 
E-cadherin in lung adenocarcinoma cells. 
 
2）クローディン-2による細胞増殖の促進機序 
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Table 1.  Expression of claudin subtypes in human tumor tissues 
Tumor tissues Up Down 
Colon 1, 2, 3, 12 4, 8 
Stomach 1, 3, 7 4, 18, 23 
Thyloid gland 1, 7  
Esophague 1, 2, 3, 4 7 
Hepatoblastoma 1, 2 3, 4 
Lung 2, 5 18 
Breast 16 1, 2, 3, 4, 5, 6, 7 
Prostate 3, 4 2 
Ovary 3, 4, 7, 16  





















Fig. 3. Cellular localization of claudin-2 in clauin-2 
KD/A549 cells. Cells were cultured in the presence (+Dox) and 
absence (-Dox) of doxycycline, a stable tetracycline analogue. 
The cells were stained with claudin-2 (red) and ZO-1 (green). 
The scale bar represents 10 m. The results were cited from ref 
16. 
 
Table 2.  Effect of claudin-2 expression on the percentage 
of cells in G1, S, G2/M phase of the cell cycle 
 Cell population (%) 
Claudin-2 G1 S G2/M 
－ 61.5 ± 0.7 22.1 ± 0.7 16.0 ± 0.2 





G1 期から S 期への移行調節に関わるサイクリン D1 とサ
イクリン E1 の発現量が低下した。これらの細胞周期調節







サイクリン D1 とサイクリン E1 の発現低下とともに、G1
期の細胞数が増加した。以上の結果から、クローディン-2
は ZONAB の核内分布を増加させ、細胞増殖を促進させる




















ことから、核内に分布するクローディン-2 は G1 期から S
期への移行を促進させることが示唆された。 























































































Fig. 4.  Decrease in nuclear claudin-2 level by deletion of 
carboxyl-terminal cytosolic region. (A) Cells were transiently 
transfected with WT, DPDZ, or Dcytsol claudin-2/pCMV-Tag3. 
Nuclear (Nuc) and cytoplasmic (Cyt) fractions were 
immunoblotted with anti-myc, nucleoporin p62, and NKA 
antibodies. (B) The nuclear levels of claudin-2 were 
represented relative to the total level. ** P < 0.01 significantly 
different from values of WT. NS, P > 0.05. n = 4. The results 



















Fig. 5.  Nuclear distribution of S208A mutant of claudin-2. 
Wild-type (WT) or S208A mutant of claudin-2 was transfected 
in A549 cells. The green and blue color indicate claudin-2 and 
nuclei, respectively. The scale bar represents 10 m. The results 
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Fig. 6.  Accumulation of claudin-2 in the lysosome by 
DFYSP peptide and chloroquine (CQ). A549 cells were 
treated with 500 M DFYSP peptide plus 100 M CQ for the 
periods indicated. The cells were stained with claudin-2 (red), 
LAMP-1 (green), and DAPI (blue). The co-localization region 
between claudin-2 and LAMP-1 was manually marked using 
ImageJ.  The intensity of co-localization region was shown as 
percentage of total intensity of claudin-2 in the cytoplasmic and 
junctional regions. The scale bar represents 10 m. The results 





















Fig. 7.  Distribution of FITC-labeled DFYSP peptide in the 
nuclei. Claudin-2 KD/A549 cells were cultured in the absence 
of doxycycline. The cells were incubated with DAPI in the 
presence and absence of 500 M FITC-labeled DFYSP peptide 
for 120 min. The intensity of FITC-labeled peptide in the nuclei 
was determined by measuring the mean pixel density using 
ImageJ software and represented as the fold increase relative to 
the value in the absence of FITC-labeled peptide. Statistical 
comparison was made by student t test. NS, not significantly 






































































































mitogen-activated protein kinase kinase (MEK)/extracellular 
signal-regulated kinase (ERK)経路や phosphatidylinositol-3 
kinase (PI3K)/Akt 経路によって調節されることを見出して
いる。MEK/ERK 経路阻害剤の U0126 と PI3K/Akt 経路阻
害剤の LY-294002 は、それぞれ ERK と Akt のリン酸化を
阻害し、クローディン-2の発現量を低下させた24,25)。一方、

















として約 1,000 bp 上流までを使用したため、他の領域に抑






D の存在下でクローディン-2 mRNA 量を調べたところ、
































Fig. 8.  Schematic drawing of transcriptional binding sites 
in human claudin-2 promoter. 
 




ン-2 の 3’-UTR への結合が予測される miRNAを探索した
ところ、miR-15a、15b、16、195、424、497が候補として
見つかった。リアルタイム PCR 法でこれら miRNAの発現
量を解析したところ、ケルセチン処理により miR-16 の発





















































































































Fig. 9.  Low level of claudin-18 protein in human lung 
adenocarcinoma. The protein levels of claudin-18 and -actin 
was examined using Protein Slot Blot Tissue (Proteus 
Biosciences). Whole protein lysates from lung adenocarcinoma 
and matched normal tissues from two independent subjects are 
arrayed on PVDF membrane-coated dipsticks. The PVDF 
membrane was blotted with anti-claudin-18 and -actin 






























Fig. 10.  Effect of claudin-18 expression on the 
intracellular distribution of claudin-1 in PC-3 cells. Mock or 
claudin-18 vector was transiently transfected into PC-3 cells. 
After 48 h of transfection, the cells were stained with 
anti-claudin-18 (red), claudin-1 (red), or ZO-1 (green) 
antibodies. Scale bar represents 10 m. Lower panels (xz) show 
the vertical sections indicated by the triangles at the merged 
























ろ、クローディン-18 の発現により G1 期の細胞数が増加























































Fig. 11.  Effect of claudin-18 expression on cell 
proliferation and injury. Mock or claudin-18 vector was 
transiently transfected into A549 cells. Cell proliferation was 
investigated by WST-1 assay. Proliferation rate was 
represented relative to value of mock. Cell death was assessed 
by LDH release assay. LDH release was represented as a 
percentage of total LDH activity (intracellular plus 
extracellular activities). ** P < 0.01 compared with mock 









上皮成長因子受容体（EGFR）、PI3K、phosphatase and tensin 
homolog (PTEN)のリン酸化量は変化しなかったが、リン酸
化 3-phosphoinositide-dependent protein kinase 1 (PDK1) 量が
低下することを発見した。また、Raf、MEK、ERK、Jun 
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N-terminal kinase、p38 といった他の MAP キナーゼのリン
酸化量は変化しなかった。これらのことから、クローディ
ン-18 は PDK1 から Akt へのシグナル伝達を阻害すること























Fig. 12.  Scheme of inhibition of cell proliferation by 
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